Amino acid pools in CHL V79 cells during induction of thermotolerance: reduction in free intracellular glutamine.
The amino acid pools in Chinese hamster lung V79 cells were measured as a function of time during hyperthermic exposure at 40.5 degrees and 45.0 degrees C. Sixteen of the 20 protein amino acids were present in sufficient quantity to measure accurately. The total amino acid pool and all individual amino acids, except glutamine, remained relatively constant for at least 90 min at 40.5 degrees C and for 30 min at 45 degrees C. The glutamine pool decreased rapidly to 20% of its control value within 30 min at 40.5 degrees C with a T1/2 = 15 min. At 45 degrees C, the decrease was 36%. Thermotolerance developed at 40.5 degrees C with a T1/2 = 30 min; thus, glutamine depletion preceeds the development of thermotolerance. The depletion of glutamine is probably due to increased metabolism and oxidation of glutamine through the TCA cycle at hyperthermic temperatures. Glutamine, as is true for other amino acids, was shown to protect proteins from thermal inactivation and V79 cells from hyperthermic killing when added in excess (4-10 mM) to the medium during heat stress. However, the stability of the total amino acid pool during the development of thermotolerance indicates that resistance to heat does not result from the accumulation of amino acids which then protect against thermal damage. The effects of the large decrease in the glutamine pool are unknown, although glutamine depletion may act as a signal for part of the heat shock response.